Context: Sedentary behavior is implicated in youth and adult overweight and obesity. However, the relationship between sedentary behavior and weight status is often small or inconsistent with few studies controlling for confounding factors such as diet and physical activity. Diet has been hypothesized to co-vary with some sedentary behaviors. It is opportune, therefore, to review whether dietary intake is associated with sedentary behavior in young people and adults. This may allow for better interpretation of the diversity of findings concerning sedentary behavior and weight status.
Context
Sedentary behavior is rapidly emerging as an important issue in public health. Researchers are now investigating the role of sedentary behavior in diverse health outcomes. Typically, researchers have defined 'sedentary' as not meeting a criterion level of physical activity.
However, by sedentary behavior we are referring to very low levels of energy expenditure through sitting and lying. Excessive sitting time is essentially the main concern for sedentary behavior researchers. 1, 2 Studies are now showing associations between sedentary behavior (usually assessed as screen-based behaviors such as TV and computer use), and a range of health outcomes, including all-cause mortality and cardiovascular disease, 3, 4 adverse metabolic profile, 5 and obesity. 6 However, relationships are not always consistent across age, gender or health outcomes. For example, while there has been a longstanding assumption that TV viewing in youth is associated with overweight and obesity, 7 a meta-analysis of mainly cross-sectional studies found that the strength of such an association was actually very small. 8 Moreover, a review of sedentary behavior intervention studies showed inconsistent weight loss for young people. 9 In addition, while cross-sectional data on screen time in 10-16 year olds from 34 countries showed higher degrees of overweight with increased TV viewing in 65% of the countries, this leaves more than one-third having no association. 10 Overall, therefore, sedentary behavior in the form of screen time is implicated in youth overweight and obesity, but findings are less clear cut than some claim.
Prospective observational cohort studies in adults offer stronger evidence of an association between sedentary behavior and weight status in comparison to the cross-sectional studies typical in the literature on young people. For example, parent-and self-reported time spent watching television between 5 and 15 years in New Zealand was shown to predict BMI at 26 years of age. The Nurses Health Study of over 50,000 women 11 showed that those who were normal weight or overweight at baseline had a 23% increased risk of developing obesity during 6 years of follow-up for each 2-hour per day increment in time spent watching TV. In a study of over 18,000 women, Blanck et al 12 reported no significant prospective association between self-reported leisure sitting time and weight gain over 6 years. However, an elevated risk of weight gain was observed in those women who were normal weight at baseline and reporting more than 6 hours of leisure time sitting compared to those who reported less than 3 hours/day. For adults, therefore, associations between sedentary behavior and weight status are suggestive but mixed, although review level, mainly cross-sectional, data support a positive association. 13 However, studies either do not control for confounding factors, such as diet or physical activity, or this is done inconsistently across studies. One variable that has been hypothesized to co-vary with some sedentary behaviors, and in particular TV viewing, is diet.
For adults and young people, during the time spent watching television, little energy is expended, 14 and viewers are exposed to numerous advertisements that can influence the type of food desired and consumed. 15, 16 Furthermore, TV may be a distraction resulting in a lack of awareness of actual food consumption or overlooking food cues, leading to overconsumption. 17 It is opportune, therefore, to review whether dietary intake is associated with sedentary behavior in young people and adults. This may assist researchers in better interpreting the diversity of findings concerning sedentary behavior and weight status.
Evidence Acquisition
This study followed the procedures for a systematic review produced by the NHS Centre for
Reviews and Dissemination. 18 
Search strategy
Search strategies were built around four groups of keywords: sedentary behavior, dietary behavior, study type, and sample type. Key terms for sedentary behaviors were used in combination with key terms for dietary behavior, study type and sample type to locate potentially relevant studies. Science Direct, PubMed, PsychINFO, and Web of Science databases were searched using the key terms in early 2010. In addition, manual searches of personal files were conducted along with screening of reference lists of primary studies and identified articles for titles that included the key terms.
Inclusion and exclusion criteria
For inclusion, studies were required to (i) include children aged <11 years, and/or adolescents aged 12-18 years, and/or adults aged >18 years (or a mean within these ranges) as subjects of study at baseline. Studies that did not state the mean age of participants were classified as pre-school children, school-aged children, adolescents or adults depending on the ages of the majority of the sample; (ii) have a point estimate (mean) of at least one aspect of dietary intake (or data showing prevalence) and have a point estimate (mean) of at least one sedentary behavior (or data showing prevalence); (iii) be observational and assess an association between at least one sedentary behavior and at least one aspect of dietary intake;
(iv) be published in peer-reviewed journals in the English language; and (v) be published up to and including January 2010. Experimental studies that manipulated a sedentary behavior and/or aspects of dietary intake were excluded.
Identification of relevant studies
Potentially relevant articles were selected by (i) screening the titles; (ii) screening the abstracts; and (iii) if abstracts were not available or did not provide sufficient data, the entire article was retrieved and screened to determine whether it met the inclusion criteria.
Data extraction
Data were extracted on standardized forms developed for this review between January and July 2010. This information is summarized in Tables 1 and 2 . In addition, the reliability and validity of measures of sedentary behavior and dietary intake, and the response rates of each study were extracted (data not shown in tables).
Identified sedentary and dietary behaviors were tabulated to highlight the state of the literature for the associations between sedentary behavior and diet for children (Table 3) , adolescents (Table 4) , and adults (Table 5) . A large number of dietary behaviors have been studied in association with sedentary behaviors (predominantly television viewing) (see Tables 1 and 2 ). 20% of the data extraction forms, containing data from the whole data extraction process, were double checked and discrepancies over the extracted data (n=7) were resolved through discussion.
Coding associations between sedentary behavior and diet
An independent sample was used as the unit of analysis and was defined as the smallest independent sub-sample for which relevant data were reported (e.g. boys/girls). 19 The column 'number of samples' displays the number of samples that have been studied for each dietary behavior. The 'summary' column contains the number of samples, and references, finding positive (+), inverse (-) and no (0) associations between sedentary behavior and dietary behaviors.
Study quality
The quality of the studies included in the review was assessed. Studies were given scores (0-2) based on the sample size, sampling methods, response rates, their level of reporting the reliability and validity of measures used to assess sedentary behavior and dietary intake, and whether or not confounders had been included in analyses (full details available from corresponding author). Study quality scores could range from 0 to 16, with higher scores meaning higher quality studies.
In addition, the strength of association with reference to conventions (details and references available from first author) was assessed. Essentially, the strength of association was graded as 'none', 'small', 'medium', or 'large' for data using Pearson correlation (r), standardised regression coefficient (β ), multiple regression (R, partial R, R², partial R²), Cohen's d effect size, and odds ratio.
Evidence Synthesis
The literature searches yielded 15,645 titles of potentially relevant articles and 53 (111 samples) were eligible for this review. Results are reported separately for children, adolescents, and adults.
Associations between sedentary behavior and diet in children
Nineteen studies (24 samples) of children were eligible for review (see Table 1 ). The majority of studies were conducted in the USA (n=13). Fifteen studies examined associations between sedentary behaviors and dietary outcomes for boys and girls combined, three examined associations separately for boys and girls, and one examined associations for girls only. The majority used a cross-sectional design (n=13), eight of the studies assessed sedentary behaviors through self-report, eight through parent report, and three using an interviewer, with a questionnaire being the most frequently used measure (n=17). Dietary behaviors were most commonly assessed through self-report (n=9), and parent report (n=8), with a food frequency questionnaire (FFQ) being the most used measure (n=12 Television viewing was the most commonly assessed sedentary behavior in association with dietary intake, studied in 19 samples (79%). Twenty-five dietary behaviors were identified, and for brevity dietary behaviors that were studied most often and dietary behaviors that are important in their contribution to the healthfulness of overall diet were tabulated (Table 3) . There were five longitudinal studies (nine independent samples) assessing the association between sedentary behavior and dietary intake in children; 23, 26, 28, 33, 38 three out of these five studies scored higher than the median score for study quality (median =8/16), corroborating the results found from cross-sectional studies showing that TV viewing was inversely associated with fruit and vegetable consumption, 23 and positively associated with total energy intake, 26, 28 energy-dense drinks, snacks and fast foods. 28 Overall, therefore, sedentary
behavior in children appears to be clearly associated with elements of a less healthy diet.
Associations between sedentary behavior and diet in adolescents
Twenty-six studies (72 samples) of adolescents were eligible for review (see Table 1 ). Half of the studies were conducted in the USA (n=13). Fourteen studies examined associations between sedentary behaviors and dietary outcomes for boys and girls combined, 11 examined associations separately for boys and girls, and one examined associations for girls only. The majority used a cross-sectional design (n=21), all of the studies assessed sedentary behaviors through self-report, with a questionnaire being the most frequently used measure (n=25). All of the studies assessed dietary behaviors through self-report, with a FFQ being the most frequently used measure (n=13). The average sample size was 8356 (range 407 ).
Screen time was the most commonly assessed sedentary behavior in association with dietary intake, studied in 46 samples (64%). Twenty-seven dietary behaviors were identified, and for brevity dietary behaviors that were studied most often and are important in their contribution to the healthfulness of overall diet were tabulated (Table 4) There were five longitudinal studies (ten independent samples) assessing the association between sedentary behavior and dietary intake in adolescents; 39, 43, 44, 46, 54 four out of these five studies scored higher that the median score for study quality (median =8/16), corroborating the results found from cross-sectional studies showing that TV viewing was inversely associated with fruit and vegetable consumption, 43, 44, 46 and positively associated with energy-dense drinks. 39 Overall, therefore, sedentary behavior in adolescents appears to be clearly associated with elements of a less healthy diet, and in particular with higher consumption of energy-dense snacks and drinks and lower consumption of fruits and vegetables.
Associations between sedentary behavior and diet in adults
Eleven studies (14 samples) of adults were eligible for review (see Table 2 ). The majority of studies were conducted in the USA (n=8). Five studies examined associations between sedentary behaviors and dietary outcomes for men and women combined, two examined associations separately for men and women, three examined associations for women only, and one examined associations for men only. The majority used a cross-sectional design (n=7), and all of the studies assessed sedentary behaviors through self-report, with a questionnaire being the most frequently used measure (n=10). All but one of the studies assessed dietary behaviors through self-report, with a FFQ being the most used measure (n=7 ).
Television viewing was the most commonly assessed sedentary behavior in association with dietary intake, studied in 12 samples (86%). Twenty-two dietary behaviors were identified, and for brevity dietary behaviors that were studied most often and dietary behaviors that are important for the healthfulness of overall diet were tabulated (Table 5) There was one longitudinal study assessing the association between sedentary behavior and dietary intake in adults. 64 This study scored higher that the median score for study quality (median =7.5/16), and corroborated the results found from cross-sectional studies showing that TV viewing was positively associated with consumption of energy-dense snacks. 64 Overall, therefore, sedentary behavior in adults appears to be clearly associated with elements of a less healthy diet.
Potential moderators Age
Five studies examined age as a potential moderator of the association between sedentary behavior and diet. 22, 24, 27, 35, 39 One study examined differences in the association between sedentary behavior and diet between two groups of pre-school children (aged 2-3.9 years and 4-5.9 years). 35 Three studies examined differences between groups of children (age ranged from 5-10 years or those in school grades 4-5) and adolescents (age 11+ or those in school grades 6-12). 22, 24, 27 One study examined differences between two groups of adolescents (aged 12.8 years and 15.9 years).
as a moderator. However, the number of comparisons is quite small and the studies too diverse to draw meaningful conclusions.
Gender
Gender differences in the association between sedentary and eating behaviors were examined in three studies of children, 26, 29, 31 10 studies of adolescents, 40, 42-44, 46, 51, 53-55, 59 and two studies of adults. 65, 66 No gender differences were found in two out of the three studies that examined gender differences among children 26, 31 and no gender difference were found in five out of the ten studies examining gender differences among adolescents.
40, 44, 51, 53, 55
Gender differences were found in one of the two studies among adults. 66 Overall, there appear to be more consistent associations between sedentary behavior and diet for females than for males.
Discussion
The purpose of this systematic review was to assess whether patterns of dietary intake were associated with sedentary behavior. The relationship between sedentary behavior and weight status is often small or inconsistent 8, 13, 72 and this may be explained by the moderating effect of diet, especially dietary intake during certain types of sedentary behaviors, such as TV viewing.
Results show a clear association, usually in the small-to-moderate range, between sedentary behavior and unhealthy dietary intake. This is reflected in higher consumption of energy dense snacks and less consumption of fruits and vegetables, and this is consistent across age groups studied.
For children, television viewing was consistently inversely associated with fruit and vegetable consumption and positively associated with consumption of energy-dense snacks and drinks, total energy intake, and fast foods. Sedentary behavior in adolescents is also clearly associated with elements of a less healthy diet, and in particular with higher consumption of energy-dense snacks and drinks and lower consumption of fruits and vegetables. Overall, therefore, diet and sedentary behavior in young people is coupled and may better explain associations between sedentary behavior and weight status than other behaviors, such as a displacement of physical activity. Review-level data shows the association between weight status and screen time in young people to be quite small 8 and this could be explained by our findings. Given that physical activity can co-exist with screen time 8 , and dietary behaviors associated with sedentary time may not necessarily reflect consumption of food and drink at other times, the association between screen time and weight status is likely to exist but be small or inconsistent, notwithstanding the well known problems in the use of self-report measures for both exposure and outcome variables.
Of concern might be the early socializing of children into sedentary habits and the association with poor diet. Young people may associate television viewing with eating from a young age if, for example, parents place their children in front of the television with a snack or a meal while they do other household chores. 73 For some young people a significant proportion of their daily energy intake is consumed while watching television. 74 Experimental studies have shown that watching television while eating may cause a distraction resulting in a delay in normal mealtime satiation and a reduction in internal satiety signals, 75, 76 . Evidence suggests that an important 'window' of opportunity to reduce sedentary behaviors and increase physical activity in young people is the period immediately after school. 78 If children and adolescents spend a high proportion of these hours sedentary in front of a screen, unhealthy dietary consumption will be more likely and physical activity less likely. This time of the day is thought to be important because it is one of the most obvious times for physical activity involvement, but more evidence is needed, including the role of diet 78 The association between sedentary behavior and diet in adults was similar to that of young people, although was slightly less pronounced. Influences will be different from that of young people, although there is little evidence on the key correlates of sedentary behavior in adults 1, 79 . Overall sedentary time will be strongly influenced by work as well as leisure time factors, and family structures and rules regarding both sedentary and diet behaviors are more controllable for adults. However, adult behaviors are also associated with the behavior of their offspring, and a review of parental correlates of fruit and vegetable consumption in young people shows that intake of the parent is associated with that of their children. 80 Moreover, TV viewing habits of parents is associated with that of their children. 81 Interventions may need to target adults and children together. In conclusion, the association drawn mainly from cross-sectional studies is that sedentary behavior, usually assessed as screen time and predominantly TV viewing, is associated with unhealthy dietary behaviors in children, adolescents and adults. Notwithstanding the methodological weaknesses of the evidence base, there is sufficient consistency to suggest that this is an important set of results. However, interventions need to be developed that target reductions in sedentary time to test whether diet also changes. ¹Longitudinal study but only baseline cross-sectional data used in this review; ²Intervention studies, analyses for control group only used for this review; 3 Studies from the larger Planet Health study; 4 Studies from the larger Project EAT study; 5 Studies from the larger HBSC study.
For reference 24: I= children in grades 4-5, II = adolescents in grades 6=8, III = adolescents in grades 9-12; for reference 38: I = children from overweight families, II = children from non-overweight families; for reference 35: I = children aged 2-3.9 years, II = children aged 4-5.9 years; for reference 22: I = children aged 5-10 years, II = adolescents aged 11-14 years; for reference 27: I = children in grade4, II = adolescents in
